Two particular cases of saline-responsive metabolic alkalosis associated with high urinary chloride concentrations were documented. In the first case, pseudoaldosteronism with long term glycylrrhetinic acid ingestion, and in the second case, probably salt losing nephropathy with extracellular fluid volume contraction were the putative causes of metabolic alkalosis, respectively. Sodium chloride loading with saline (0.9% NaCI) infusion to these patients corrected the accompanying hypopotassemic metabolic alkalosis. Recent trends in the pathophysiology of both salineresponsive and saline-resistant metabolic alkalosis were discussed. metabolic alkalosis ; hypopotassemia ; volume expantion Urinary chloride concentration gives practical information which can be used for classification of metabolic alkalosis into saline-or sodium chloride-resposive
Urinary chloride concentration gives practical information which can be used for classification of metabolic alkalosis into saline-or sodium chloride-resposive (urinary chloride < 10 mEq/liter), and saline-resistant (>10-20 mEq/liter) types (Cohen and Kassirer 1980; Kaehny and Gabow 1980) . In the former, the metabolic alkalosis and hypopotassemia seen in patients with gastric losses, using potent diuretics, and after abrupt relief of chronic hypercapnia, can be fully corrected by the administration of aduquate amounts of saline or sodium chloride (Atkins and Schwartz 1962; Kassirer et al. 1965 ). While potassium supplementation with saline is essential for the correction of the latter type of alkalosis which is seen in patients with primary aldosteronism, Bartter's syndrome, Cushing's syndrome, and psueudoaldosteronism (Espiner et al. 1967 ; Garella et al. 1970 ). However, in primary aldosteronism, a volume expansion with saline results in an increase in urinary bicarbonate excretion and a decrease in serum bicarbonate concentration even though for a brief period (Jacobson and Seldin 1983) . This finding at least suggests that the heterogeneity of patho-physiology in saline-resistant alkalosis exists and raises the possibility that the sustained metabolic alkalosis may not be always saline-resistant. We report two cases of metabolic alkalosis, whose urinary chloride concentrations initially suggested that the putative alkalosis was saline-resistant, however, saline infusion turned out effective for the correction of their metabolic alkalosis. Discussion will be focused on the recent trends in the pathophysiology of both salineresponsive and saline resistant metabolic alkalosis. CASE REPORT Case 1. A 59-year-old male was admitted to the orthopedic department in Kitasato University Hospital on May, 1983, for the control of joint pain with 8 years history of rheumatoid arthritis. He had long taken various kinds of analgesics except adrenocorticosteroids.
Approximately for late 9 months before admission he had 150 mg of glycylrrhetinic acid a day orally for his chronic toxicodermia, and he lost his weight by 2 kg during this period. After admission, he was referred to the renal unit for the evaluation of hypopotassemia. Physical examination revealed a blood pressure of 160/102 mm Hg ; pulserate, 82/min ; respirationrate, 20/min ; temperature, 36.6°C ; and weight 54.6 kg. There were tendered and swelled joints of left of knee and hip, and flexion deformities of the right elbow and both hands. Skin turgor was normal. Cardiopulmonary and abdominal examination were normal ; there was no edema.
Laboratory values included a hematocrit of 40% and leukocyte count of 4600/mm3, without eosinophilia. Serum sodium concentration was 144 mEq/ liter ; potassium, 2.7 mEq/liter ; chloride, 106 mEq/liter, calcium 8.2 mg/100 ml ; phosphorus, 3.0 mg/100 ml ; blood urea nitrogen, 20 mg/100 ml ; serum creatinine, 0.8 mg/100 ml ; and uric acid, 5.8 mg/ml. Liver function test results were normal. Urinalysis revealed a pH of 7 without cellular elements or proteinuria. Sodium concentration in 24 hr collected urine was 69 mEq/liter ; potassium, 26 mEq/liter ; and chloride, 106 mEq/liter. Arterial blood gas analysis revealed a pH of 7.50; pCO2, 39 mmHg ; p02, 73 mmHg ; and bicarbonate, 30 mEq/liter.
Plasma renin actevity and plasma aldosterone concentration were within normal range. Consequently, the cause of metabolic alkalosis associated with this patient was considered to be pseudoaldosteronism induced by the long term glycylrrhetinic acid ingestion. Futhermore, his recent weight loss suggested that the extracellular volume contraction also playing a role in maintaining metabolic alkalosis. On May 13, the fluid containing 500 ml of saline (0.9% NaCI) and 20 ml of 15% KC1 (40 mEq of potassium chloride) was administered. The infusion rete was at 100 ml/hr. After half an hour, the patient complained severe pain along the veins from the site where a needle inserted. The unusual vascular pain due to the effect of potassium ion was suspected. From the next day, after obtaining informed consent from the patient, one liter of saline was administred without discontinuing glycylrrhetinic acid. The infusion was start-ed approximately 2 hr after breakfast and continued for 6 to 8 hr at constant rate. He was advised to consume a standard diet, containing 120 mEq of sodium chloride and 40 mEq of potassium. Fluid was allowed ad libitum. Careful monitering of vital signs to avoid overretension of fluid was performed. After the saline infusion for 6 days, on May 19, as shown in Fig. l and Table 1 , the plasma bicarbonate concentration decreased from 30 to 26 mEq/liter, and serum potassium concentration increased from 2.7 to 3.5 mEq/liter.
The net acid excretion in urine was suppressed to 58 from the initial value of 88 mEq/day.
Plasma rein activity and plasma aldosterone concentration remained unchanged. Cumulative balance study disclosed the net accumulation of 134 mEq of potassium and 232 mEq of chloride. After the saline infusion study, glycylrrhetinic acid was discontinued. The net potassium balance remained still positive (Fig. 1) . On May 26, arterial blood gas analysis disclosed a pH of 7.40: pCO2, 40 mmHg ; p02, 94 mmHg ; and bicarbonate 24 mEq/liter.
The serum sodium was 141 mEq/ liter ; potassium, 4.1 mEq/liter ; and chloride, 104 mEq/liter.
He was transferred to the orthopedic department for the further treatment of rheumatoid arthritis. Since then, none of abnormalities of acid-base balance has been observed.
Case 2. A 65-year-old female with prior history of the operated rectal cancer was admitted to Kitasato University Hospital on 21 Octorber, 1983, for the evaluation of 2 months history of recurrent fever of 38°C. Five years prior to Cumulative balance was calculated by the substraction of the urinary loss from the intake (diet and infusion). Electrolytes contents in feces and sweats were neglected. NAE denotes net acid excretion. PRA, plasma renin activity, and PAC, plasma aldosterone, respectively. One liter of saline (0.9% NaCI) a day was administered for 6 days.
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admission, she had non-A, non-B hepatitis probably resulted from blood transfusion when she had undertaken the operation. For late 2 months, she had been treated with histidine decarboxylase, 600 mg a day for her chronic active hepatitis, then the recurrent fever was observed. She lost her weight by 2.5 kg during this period. Physical examination revealed a blood pressure of 160/90 mmlg ; pulserate, 80; respirationrate, 20; body temperature, 37°C ; and body weight 46.5 kg. Skin turgor was decreased. There was no lymphadenopatliy. Cardiopulmonary examination was normal ; there was no edema. Abdominal findings were unremarkable except the operation scar of the rectal cancer.
Laboratory values included a hematocrit of 34% and a leukocyte count of 8100/mm3, with normal differentials. Liver function test results were GOT, 80 U ; GPT, 92 U ; and LDH, 686 U. Serum sodium concentration was 140 mEq/ liter ; potassium, 2.1 mEq/liter; chloride, 93 mEq/liter ; calcium, 9.8 mg/100 ml ; phosphorus, 3.6 mg/100 ml ; blood urea nitrogen, 31 mg/100 ml ; serum creatinine, 2.1 mg/100 ml ; and uric acid, 7.0 mg/100 ml. Urinalysis revealed a pH of 7 with one plus proteinuria ; and sediments, numerous leukocytes and 20-30 of erythrocytes/HPF.
Urine culture was negative. Urinary sodium concentration was 61 mEq/liter ; potassium, 31 mEq/liter ; and chloride, 44 An extensive work-up for neoplasia including chest roentgenogram, upper gastrointestinal series, liver scan, and CT-scan of abdomen were negative. The most likely diagnosis was considered to be interstitial nephritis induced from histidine decarboxylase treatment. The drug was discontinued, and the fever and leukocyturia ceased spontaneously. However, on Octorber 25, as shown in Table 1 , hypopotassemic metabolic alkalosis was still remained. Plasma renin activity and plasma aldosterone concentration were within normal range. The cause of the metabolic alkalosis was not easily elucidated but considered to be a volume depletion resulting from salt losing nephropathy.
After obtaining informed consent from the patient, saline infusion study was scheduled just as performed in Case 1. Again, attentions were paid to avoid overretention of fluid. One liter of saline a day was administered. Afeer saline infusion for 7 days, plasma bicarbonate concentration decreased from 33 to 24 mEq/liter, and arterial blood pH also diminished from 7.51 to 7.42. The concentration of serum potassium elevated from 2.3 to 3.6 mEq/liter. Overall cumulative balance showed the net accumulation of 94 mEq of potassium and 640 mEq of chloride during the infusion period (Table 1) . After the study, she was on normal diet, and the concentrations of serum potassium and plasma bicarbonate remaied within normal range. On November 15, she was dischareged with normal serum transaminases levels.
DISCUSSION
The notable clinical finding in the metabolic alkalosis observed in these two cases was high urinary concentration of chloride. This is generally taken to indicate saline-or sodium choride-resistant metabolic alkalosis (Garella et al. 1970; Cohen and Kassirer 1980; Kaehny and Gabow 1980) . In such metabolic alkalosis, saline infusion were ineffective to correct alkalosis and enhanced the excretion of potassium in urine (Kassirer et al. 1965 ; Kassirer and Schwatz 1966 a, b). However, metabolic alkalosis and accompanying hypopotassemia observed in our patients were corrected by saline infusion. In case 1, the cause of metabolic alkalosis and hypopotassemia was considered to be the effect of long term ingestion of glycylrrhetinic acid (Conn and Rovner 1968) or pseudoaldosteronism. Nonsteroidal analgecics usage for arthralgia generally gives the patient more changes inducing hyporpotassemia by hyporenimic hypoaldosteronism accompanying with prostaglandin inhibition (Tan et al. 1979) , rather than hypopotassemia.
It is well documented that metabolic alkalosis associated with pseudoaldosteronism is saline-resistant (Cohen and Kassirer 1980; Kaehny and Gabow 1980) . The patient was not discontinued glycylrrhetinic acid intake during the saline infusion period. Careful observations denied the chances the patient accessed the additional food enriched in potassium or chloride. Since the cumulative balance of potassium or chloride clearly demonstrated the accumula-Lion of each ion (Table 1) , it was evident that the saline loading changed the renal function somehow to retain potassium and chloride. The values of plasma renin activities and the concentrations of aldosterone before and after the study negated the direct of renin-aldosterone system in these observations. In case 2, the cause of hypopotassemic metabolic alkalosis was not easily determined. After the correction of metabolic alkalosis, a renal biopsy was performed and its histological findings were compatible with the marked interstitial nephritis. Serum creatinine concentration remained at the level of 2.1 mg/100 ml thereafter. These findings suggested that the possible cause of metabolic alkalosis was salt losing nephropathy and resulting volume contraction.
The mechanism of unresponsiveness of saline loading to saline-resistant alkalosis has not been completely resolved yet, but generally considered as follows : in states of hyperadrenocorticism including primary aldosteronism, pseudoaldsteronism, Bartter's syndrome, and Cushing's syndrome, the balance between sodium chloride and sodium bicarbonate resorption in the kidney is shifted in favor of bicarbonate, the kidney will sustain an increase in bicarbonate concentration and a decrease in plasma chloride concentration, irrespective of the daily electrolyte intake (Kaehny and Gabow 1980). Garellaet al. (1970) noted the state of hypopotassemia and made an assumption that if hypopotassemic is severe enough, it may produce a change in renal function that suppress renal chloride resorption even if much chloride is available. In this context, the responsiveness of saline loading in the metabolic alkalosis associated with case 1 and 2 implied that the potassium deficits in the patients were not severe. It is assumed that in our patients the saline infusion resulted in sufficient delivery of cholide to the distal site of nephron (Cohen 1968; Schwarts et al. 1968) , and preferential reabsorption of chloride probably occurred. Subsequently it suppressed the accelerated sodium-cation exchange which is a partial cause of maintenance of metabolic alkalosis (Kassirer and Schwartz 1966 b) . Finally it produced the decrease in net acid excretion and the accumulation of cations (K+, H+). Obviously, the present paper is not enough to clarify the exact physiological effects of saline loading, and we are not proposing that simple saline loading is a better way to correct hypopotassemic metabolic alkalosis comparing with the simultaneous potassium administration. However, we consider the present cases at least demonstrated that in certain clinical settings, a high urinary chloride concentration does not always indicate that the putative case associated with metabolic alkalosis is simply saline-or sodium chloride-resintant.
